How WOUNDS HEAL has been a concern of surgeons since the dawn of medicine. In the beginning it was thought that "humors" within the body affected repair as evidenced by the statement attributed to Paracelsus, "There is an inborn balsam which heals wounds." This notion of a humoral factor in healing dominated surgical writing until Virchow's studies in cellular pathology provided a scientific background for the investigation of injury and repair. From that time until the present surgeons have looked upon wound healing largely as a cellular phenomenon, first in terms of histology and later, following the classic * Presented before the American Surgical Association, White Sulphur Springs, West Virginia, April 11, 1956. Supported in part by An Figure 2 . The quantity per gram of tissue of these substances is less and the time required for its production is considerably lengthened. It is of interest that the single amino acid methionine if added to a nonprotein diet has a remarkable effect in shifting the production of these materials qualitatively towards the normal. The details of these observations have been described elsewhere. 23 The Pattern of Healing in Ascorbic Acid Deficiency: The effect of ascorbic acid deficiency on the production of mucopolysaccharides and collagen in the healing wound has been studied in normal and scorbutic guinea pigs. On the fourth, eighth, twelfth and sixteenth days after wounding, animals were sacrificed by an overdosage of ether anesthesia. It should be noted that the day selected for taking samples in this series of animals differs from that previously recorded in normal and protein depleted animals. This was done because of the difficulty encountered in getting adequate samples of new tissue in three day wounds particularly in the scorbutic animals.
One of the two wounds in each animal was utilized for histologic and histochemical studies and the other for chemical analyses. Material for histologic study was fixed in Zenker's, 10 per cent formalin and 4 per cent freshly prepared lead acetate solution. It was then dehydrated, cleared and embedded in paraffin and cut at 6MA. Stainings were done with haematoxylin and eosin, Van Gieson's collagen stain, Mallory's connective tissue stain and Gomori's silver impregnation stain. Histochemical stainings were done with periodic acid Schiff stain, metachromatic staining using 0.1 per cent toluidine blue and 30 per cent alcohol and Hale's colloidal iron stain as modified by Rinehart and Abul Haj.20
For chemical determinations, samples of the granulation tissue and wound edges were taken, avoiding inclusion of obviously normal tissue. These were placed in acetone for one week, changing the solution three times during the period. A portion of these tissues were then utilized for the determinations of hexosamine and hydroxyproline by the methods of Blix 3 and Neuman and Logan. 17 Eight scorbutic animals were given a daily intramuscular injection of 25 mg. of ascorbic acid beginning on the eighth day after wounding. Four were sacrificed on Table I ).
the ninth day and four on the twelfth day to study the effect of ascorbic acid administration on hexosamine and hydroxyproline concentration in a scorbutic animal.
RESULTS

Normal Healing of Wounds in Guinea
Pigs: The wounds of normal animals on the fourth day on histochemical examination revealed large numbers of immature fibroblasts invading the fibrin clot. There was well formed intercellular substance which stained metachromatically with toluidine blue. Positive stains were also obtained with P.A.S. and colloidal iron. The concentration of hexosamine and hydroxyproline in these tissues is depicted in Figure 3 and recorded in Tables I and II (Fig. 4) .
By the twelfth day the wounded area in the normal animal has filled with newly formed, young collagen fibers which can readily be demonstrated by Van Gieson's stain (Fig. 5) Figure  7 and recorded in Tables III and IV (Fig. 4) eighth day in eight animals; four were sacrificed after 24 hours and the other four, four days later. The changes are depicted in the dotted line in Figure 7 and recorded in Table V . Histologic and histochemical observations confirm this finding (Fig. 8) . Metachromasia could be demonstrated after 24 hours, and after four days there was distinctly less tissue which stained positively with Hale's colloidal iron and the P.A.S. stains.
Whatever the exact mechanism of ascorbic acid action, it accomplishes this with great rapidity and suggests to us that the basic materials for wound repair are present in the scorbutic wound, but an important key to collagen synthesis is lacking.
DISCUSSION
These observations provide a new perspective of wound healing. It is evident that distinct differences can be detected between normal repair on the one hand and repair in protein depleted and scorbutic animals on the other hand. It is very tempting to speculate upon the significance of these alterations and we have suggested that in protein deficiency there is a lack of the "building blocks" of repair, whereas in scorbutus the basic materials are present in adequate amounts but cannot be utilized until ascorbic acid is provided. Persson 19 who showed that the tissue concentrations of hexosamine in scorbutic animals was increased. Penney and Balfour,18 however, because of the lack of metachromasia in ground substance in vitamin C deficiency concluded that there was a faulty production of mucopolysaccharides.
Our studies support the concept that there is no deficiency of mucopolysaccharides in ground substance. It may be that the state of polymerization of the acid polysaccharide is altered so as to prevent metachromasia. Walton and Ricketts 25 have shown that metachromasia is related to sulphation of acid polysaccharides and we 24 have shown elsewhere that the phenomenon of metachromasia in solutions of acid polysaccharide can be blocked by the addition of protein to the solution. A similar mechanism may prevent the phenomenon of metachromasia in vivo. Finally, the prompt appearance of collagen in the wound following the administration of vitamin C (Fig. 7) intramuscularly supports our concept that the "building blocks" of repair are at hand but a key to collagen synthesis is lacking.
In this same connection, however, the report of Kodicek We have used a somewhat different method for a number of years to secure wound fluid, namely, the implantation of a wire mesh cylinder, which is obliterated by granulation tissue, enabling a cellular study as well as analysis of fluid. The most recent study * really raises more questions than it answers, but it was related to the ultracentrifugal analysis of this fluid and to the Tiselius patterns.
There is a marked difference in the low density lipoprotein levels in wound fluid secured this way. First, in wound fluid the low density lipoproteins are low, yet they are high in the serum of a wounded animal. At the same time, if you look at the Tiselius pattern, the alpha and beta globulins are significantly elevated, and may be included in this category. In other words, some chemical changes occur. Thirdly, the gamma globulin is elevated in wound fluid; fibrinogen is absent.
The significance of this is a matter of conjecture, but the study of wound fluid and the fluid phase, as emphasized by Dr. Dunphy This very interesting and fascinating study which Dr. Dunphy has just reported is of importance because it gets to the fundamentals of wound healing, or at least it tends to add basic knowledge.
One of the difficulties we have had when studying wound healing has been a lack of adequate tools other than just observation. Could one grow cells in tissue culture and measure them quantitatively, one might be able to get a quantitative assay of some meaning. Unfortunately there are too many imponderables and difficulties in tissue culture to make a good quantitative cell count unless one might employ the hela cell as a tool for the study of stimulator or inhibitor substances.
We have been especially interested, first, in stimulator substances, and have come to no very basic conclusions in tissue cultures studies. Of late we have been interested in inhibitor substances, particularly the role of the mast cell in wound healing, hoping that we might identify the mucopolysaccharide that is present in the wound as the inhibitor substance. There is some evidence to believe that the mucopolysaccharide released from mast cells may be an inhibitor; it may be heparin; it may be histamine; it may be some other substances which to date cannot be identified. One of
